Sclerosing epithelioid fibrosarcoma (SEF) is an uncommon variant of fibrosarcoma that is characterized by a distinct morphology. It most frequently presents in the deep soft tissues of the lower extremities, often in intimate association with fascia and periosteum, although reports of the head and neck involvement have been reported. A minority of cases show morphological, immunohistochemical and molecular overlap with low grade fibromyxoid sarcoma (LG-FMS). Herein, we describe a case of a bland spindle cell neoplasm presenting in the jaw that was initially incompletely excised. Over the course of 20 years the tumor subsequently recurred with a SEF morphology. Molecular testing performed on both specimens subsequently confirmed the presence of an EWSR1-CREB3L1 gene fusion. This report highlights the diagnostic difficulty with LG-FMS, particularly in unusual anatomic locations; reiterates the potential for the uncommon EWSR1-CREB3L1 fusion product in LG-FMS; and, reaffirms the potential for progression and/or overlap between LG-FMS to SEF over time.
Introduction
Sclerosing epithelioid fibrosarcoma (SEF) is a rare form of fibrosarcoma originally described by Meis-Kindblom et al. [1] . Tumors occur predominantly in young to middle aged adults; however, a broad age range of involvement has been reported [1, 2] . There is a marked predilection for the deep soft tissue of lower extremities. The oral and maxillofacial areas are considered extremely uncommon [3] . Tumors tend to be large and deep, with involvement of skeletal muscle, fascia, periosteum and very rarely bone [4] . SEF is an aggressive sarcoma, with a high propensity towards local recurrence-despite attempts at wide resection and adjuvant radiotherapy-and frequently late metastases [2] . Sites of metastases include lung and bone, as well as soft tissue, lymph nodes and brain [1] .
Histologically, SEF is characterized by cords, nests and/ or sheets of epithelioid cells set within dense hyalinized stroma. The cytoplasm is generally clear-eosinophilic and scant. The nuclei are round to ovoid with minimal atypia, although pleomorphism may occasionally be encountered; mitotic activity is usually paradoxically low. The characteristic stroma separating groups of tumor cells may be absent in a minority of cases [5] . Rarely SEF has been reported to progress from a low-grade fibromyxoid (LG-FMS); indeed, a subset of cases also contains hybrid features of both entities.
Herein we report the case of a 55-year-old woman with an intraosseous SEF of the mandible, characterized by an 1 3 EWSR1-CREB3L1 fusion product. On re-review of a tumor previously excised from the same anatomic location 20 years earlier, a morphology consistent with LG-FMS was identified.
Case Report
A 55-year-old woman presented to our institution with swelling in the posterior body of the right mandible. The mass was initially asymptomatic, but over several months became progressively more painful on palpation. Her past medical history was significant for excision of a lesion, from the same anatomic location, 20 years earlier.
Diagnostic imaging revealed a 4.9 cm multi-loculated radiolucent mandibular lesion at the angle and posterior body, extending into the ramus. The cortex was thinned with multiple foci of disruption, including soft tissue extension. While non-specific, the imaging findings raised the possibility of ameloblastoma. The patient underwent a segmental resection of the posterior mandible with immediate reconstruction with a non-vascularized bicortical iliac crest graft.
On gross examination the tumor was tan-gray, lobulated and centered in bone. Histologically, it was characterized by epithelioid cells with a fibrotic background (Fig. 1 ). Immunohistochemistry was positive for vimentin and MUC4; it was negative for S100, CD34, desmin, smooth muscle actin, epithelial membrane antigen and keratins (AE1/AE3, LMWK, HMWK). The prior excision, performed 20 years earlier, was requested for comparison. It had originally been diagnosed as desmoplastic fibroma; however, on re-review, it showed a bland spindle-stellate cell neoplasm with fibromyxoid stroma, arcades of thin-walled vessels and immunoreactivity for MUC4, in keeping with low-grade fibromyxoid sarcoma (Fig. 2) . Fluorescence in situ hybridization revealed EWSR1 rearrangement, and FUS was normal, in both samples (Vysis, Abbott Molecular). Subsequent testing of both cases by next generation sequencing demonstrated an EWSR1-CREB3L1 fusion product (Trusight RNA Fusion Panel, Illumina). Overall, the findings were consistent with progression of a low-grade fibromyxoid sarcoma to a SEF.
Discussion
Largely encountered in the deep soft tissues of lower extremities, there are rare reports of SEF occurring in the head and neck. Even less common, however, is the presence of oral and maxillofacial involvement; [3] to our knowledge, this represents only the second reported case of an intraosseous maxillofacial SEF. Moreover, this case is remarkable for showing progression to SEF from an initial presentation of LG-FMS some 20 years earlier. Given the rarity and subtle morphologic findings of both SEF and LG-FMS, this case illustrates the need for an awareness and low threshold for consultation and/or molecular interrogation in such neoplasms.
SEF is frequently characterized by nests and cords of epithelioid cells set within a dense hyaline stroma. The multifaceted appearance of SEF has been acknowledged since its initial inception. Tumors may have areas with fibrous, myxoid and chondro-osseous differentiation, respectively resembling low-grade fibromyxoid sarcoma, cellular myxoma and osteosarcoma [1] . Indeed, SEF may at times mimic sclerosing carcinoma and myoepithelioma, amongst a host of other considerations [3, 6] . The potential for morphologic overlap between SEF and LG-FMS has been known for some time [1, 2, [7] [8] [9] . Further, both recurrent and metastatic LG-FMS are known to rarely progress to a morphology that is partial or completely reminiscent of SEF [6, 10, 11] .
Initial reports on the molecular pathogenesis of LG-FMS identified a characteristic FUS-CREB3L2 gene fusion, with a smaller numbers of cases reported to show FUS-CREB3L1 [12, 13] . A minority of cases of LG-FMS was subsequently found to harbor EWSR1-CREB3L1 fusions genes [14] . Relatively recently, the molecular pathogenesis of SEF was identified, demonstrating FUS-CREB3L2 [10] , EWSR1-CREB3L1 [6, 15] , and EWSR1-CREB3L2 [15] to be the disease-defining gene fusions. Hybrid lesions have been reported, thus far, to have FUS-CREB3L2 [6, 15] and EWSR1-CREB3L1 fusion genes [10] . There are relatively few molecularly interrogated cases of LG-FMS relapsing as SEF; in contrast to the current case showing EWSR1-CREB3L1, prior cases have only been reported to show FUS-CREB3L2 [6] . It is conceivable that all four of the aforementioned fusion combinations, if not others, will ultimately be identified amongst the spectrum LG-FMS, SEF and hybrid lesions. Molecular demonstration of a diseasedefining translocation remains the 'gold standard' in the diagnosis of LG-FMS and SEF; nevertheless, it is worth noting that MUC4 represents a sensitive marker in the diagnosis of these tumors [10, 14] .
SEF usually presents indolently in the form of a slowly growing mass that has often been present for months or years before instigating investigation. Headache and tooth mobility have been reported in cases occurring in the oral and maxillofacial regions [3] , and bone lesions are often associated with pain [16] [17] [18] . Similar to our patient, a previous report of intraosseous maxillofacial SEF was also initially misdiagnosed as desmoplastic fibroma [3] . Complete surgical resection, with or without adjuvant radiotherapy, remains the mainstay of therapy; there is a limited response to chemotherapy and/or radiotherapy as sole treatment modalities. Ongoing follow-up is indicated given a very high rate of both local and distal recurrence.
There are multiple reports of low-grade fibromyxoid sarcoma arising in the jaw [19, 20] . However, to our knowledge, this is only the second reported case of SEF occurring within the jaw, and the first to transform from an initial presentation of LG-FMS. This case highlights the diagnostic challenges, and potential pitfalls, that can be associated with mesenchymal tumours of the jaw. It further underscores the benefit of subspecialty-based consultation in these rare tumours, and the value of advanced molecular diagnostics in their definitive classification.
